WHIZARD News and Plans: 2020 Edition

Wolfgang Kilian
University of Siegen

CLICdp Workshop, 02.10.2020

W. Kilian (U Siegen) WHIZARD 2020 CLICdp Workshop, 02.10.2020

1/16



WHIZARD in a Nutshell

» Universal Monte-Carlo event generator for elementary processes
= SM and beyond

» Interfaced to internal /external modules for complete events =
notably PYTHIA 6 (included) and PYTHIA 8

» Tailored for ee collider processes
= beam description (CIRCE2, ISR, polarization, crossing angle, ...)

» Cross sections, distributions and event samples
for CLIC and ILC studies (also: FCC, CEPC, LHC, nC,...)
= events: StdHEP, LCIO, HepMC(, ...
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The WHIZARD Core Team 2020

Siegen WK
Nils Kreher, Tobias Striegl, N.N. (Postdoc)

DESY Jiirgen Reuter
Simon Brass, Vincent Rothe, Pascal Stienemeier, Pia Bredt

Wiirzburg Thorsten Ohl
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Towards WHIZARD 3.0

Major version 3.0 to appear this fall

» No revolution!

but major new features becoming mainstream after testing/validation

NLO QCD for all elementary processes
UFO model support for generic models (FeynRules/SARAH)
Multi-language API for running WHIZARD as a subprogram

M e

Performance improvements and bug fixes
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Repository: Beamstrahlung (CIRCE2) configurations

from: https://whizard.hepforge.org/circe_files/

iles/CEPC

Name  Lsstmodfied Siee Description

Index of /eirce_

o8 Peren Diresiory -
[Ploope240.circs  29-Ju-2016 13:20 252K
cope?S0cirtn  29ul2016 1320 262K

Index of /circe_files/ILC
Name Last modified  Size De

&8 Parent Directory

[ 250_SetA_es024.circe
[#250_Seta_egozd.circe
[#) 250_8e1A_geo2d cice  2018-11-04 02:41 36M
[® 250_setn_ggoza.cice  2018-11-04 02:41 2.6M
[#) 500_TDR_ws_ee021.circe 2018-11-18 16:50 9.4M
@ 500_TDR_ws_eg021.circe 2019-11-18 16:59 3.6M
m 500_TDR_ws_ge021.circe 2019-11-18 16:50 3.6M
@ 500 TDR_ws_gg021.circe 2019-11-18 16:59 2.6M
[#) 1000_B1b_ws_ee018 circe 2019-11-18 16:59 34M
D #c200ee_nobeamsprea. = 2016-07-29 13:20 1.0M
[#) iceavee_nobeamsprea.= 2016-07-20 13:20 1.0M
m #c250ee_nobeamsprea.> 2016-07-29 13:20 1.0M
m ca50ee_nobeamsprea. > 2016-07-29 13:20 1.0M
[3) icB00ee_nobeamsprea.> 2016-07-29 1320 1.0M

2019-11-04 02:41 5.2M
2019-11-04 02:41 3.6M
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Index of /circe_files/TESLA
Name Last modified  Size Deserplion
& Parort Diraciary

[Rtosioge S005me  29-4i2045 1920 144
[ tesiegg 500 polewgcirce 23-2-2016 13,20 270K

Index of /circe_files/CLIC

Name Lestmodified  Size De:

& Parant Directary -
[B 0 5TovesMapPe S7ECOMID.A0 ciroa 08-Jul-2016 17203 6.0M
0.5TeVegMapPE) E7ECOMIDO it 062016 17205 6.0M
[?) 0.5TeVgeManPRO 67E0 DM O.circe  06-Jul-2016 17:03 6.0M
[F 0.5ToVogMacPBO 67ED DV D.circe 462016 17:03 36M
©.35TaVssMapP B0 G7EN IM.90.croe U6-J-2016 17:02 5.0M
0.35TeVegMapPB0 S7EQ.0MO0 s I6-Ju-2016 17:02 8.0M
0.36TeVgeMapP B0 STED OMi0.Doree  06-Jul-2016 17:03 8.0M
[P 0.96Te VogManP a0 67E0 M0 boirce 462016 17:03 3.5M
[ 0:38TeVeekapP30 67E0 OME.A0 cire 23-Jun-2017 15202 14M
[P 038 TaVaghapP B0 S7ED MO0 cisa - 23~Jun-2017 18202 9.0M
[P 0.28TeVgehanP B0 BTED 000, D.circe 20-Jun-2017 18:02 B.0M
[B 0.38ToVoaManPB0.67E0 00, Dorea 23-Jum-2017 18:02 39M
[A 1.47eveeMapFB0 6TEC.OMID. 16 circe 96-u-2016 17203 35M
[® 1 4TeVogMapPE) 6TECOMiD0 cina 46-Jul-2016 1708 15M
1.4TeVgeMapPEC 67E0.0M0.0.cce  06~Ju-2016 17:04 7.8M
1.4TeVggMapPB0 GTEDDMO.D.cice  0B-Jul-2016 17:04 15M

STeVeehahI00cice AG~u2016 17:04 1.0M
[M aTeveaMapPBO 57E0 OMD 15.Grme 06-Jul- 2016 17204 24M
[ aTevegMephia0.cires -l 2016 17204 521K
[B 3TevegMapPB0 STEDOMIO D ciron  06-Juk-2016 17:04 12M

[ 2TevgeMaphi100 croe 06-Jul-2016 17:04 1.0M
[P STovpelispPBO B7EOOMOD.circe  0B-Juk2016 17:04 24M
(B 3TavgeMaph1 00,0006 -Jul- 2016 1708 273K
[R STovppMapPEOETEROMD O cie  06-Juk-2016 17205 BAM
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Re-Validation: Tree-level 6-fermion partonic

Process QCD  Higgs WHIZARD /fb Accuracy  Efficiency /% AMEGIC++ HELAC

ete~ — bbuddi no  yes  4973(8) x 10! 1.56 10.42 v

ete” = hhuddn ves ves  BO3T(O) w10 LG8 1057 v
e'e” — bbuiigg - ves  B.000(18) 2.00 T.66 v
efe” — bhbyggy - ves  2432(7)  x 10! 301 3.23 's

e~ —+ bb D, no ves  LT353(30) = 10! L&l 1L08 v v

e"e” = bbude ves ves  L7500(32) x 10 L.69 .76 v v
ete” — bhety, . ves  5.027(12) 210 6.93 v

ete™ — |JE{~+V‘!;1_17“ - ves  5.B52(10) 162 0.58 s v

efe” = bhptu oo, - ves  5.RA0(10) 1.55 10.55 v v

d Ves ves  1.2446(24) 2.16 .44 v

1o 1.2720(24) 205 8495 '

GHET(16) x 107% 2.64 12.47 v v

0.168(20) x 10% 225 567 v v

no 2.432(5) Lor 6.71 s v
ves ves  2.460(5) 1.99 6.89 v

ves  9.127(19) x 107 1.92 .51 v v

- yes  8937(17) x 107 173 677 v v

no no 1.0261(21) 214 6.0 s v

ves no 1.0539(21) 2.03 T.50 v v

. o 4170(12) x 107% 2,96 7.95 v v

1o 58T3(16) x 107° 2.69 045 v v

1o no w1071 L.88 .08 v v

ete” sy iuddi ves no w 1071 1.96 T.43 s v
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Validation:

1-Loop QCD

MG5_AMC WHIZARD
Process oO[th] oNLO [fh] aLO[fh] VL0
ete” - jj 622.3(5) 639.3(1) 1.02733 622.73(4) 639.41(9) 1.02678
etes = jii 340.1(2) 317.3(8) 0.93297 342.4(5) 318.6(7) 0.9305
ete” — Jiji 104.7(1) 103.7(3) 0.99045 105.1(4) 103.0(6) 0.98003
ete” - jijii 22.11(6) 24.65(4) 1.11488 22.80(2) 24.35(15) 106798
ete” = §i7ids y V/A 3.62(2) 0.0(0) 0.0
= bb ] 0480(1) 102728 92.32(1) L78(7) T.02664
— bbb 1(:44[3;-10*1 3.60(1) - 10~ 2.1897 L.64(2) 10~ 3.67(4)-10-! 2.2378
= 166.2(2) 174.5(3) 104994 166.4(1) 174.53(6) 1.04886
] 48.13(5) 53.26(1) 1.10867 48.3(2) 53.25(6) 1.10248
- st 8.614(9) 10.49(3) 1.21777 2.612(8) 10.46(6) 1.21458
— tjj 1.044(2) 1.420(4) 1.3601 L.040(1) 1.414(10) 1.3595
— titf 6.45(1) - 1071 11.94(2) - 107 1.85117 6.463(2) - 107! 11.91(2) - 10~ 1.8428
— titt] 2.719(5) - 107%  5.264(8) - 1077 1.93602 2.722(1) - 107%  5.250(14) - 1077 1.92873
= — tibh 0.1819(3) 0.292(1) 160533 0.186(1) 0.293(2) 1.57527
e~ tiH 2.018(3) 1.909(3) 0.94601 2.022(3) 1.912(3) 0.9456
- 5 tiH 0.2633(3) - 10-°  0.2665(6) - 10-° 1.0 0.2540(9) 0.2664(5) 1.04889
- — tEHjj 2.663(4) - 1072 3.141(9) - 1072 : 2.666(4) - 1072 3.144(9) - 102 1.17928
-~ — iy 12.7(2) 13.3(4) 1.04726 12.71(4) 13.78(4) 1.08418
= 4.642(6) 4.95(1) 1.06636 4.64(1) 4.94(1) 1.06467
- o 1125 0.6059(6) 0.6017(24) 1.14168 0.610(4) 0,6927(14) 1.13565
- tiZjj 6.251(28)- 1072 B.181{21)-107 130875 6.233(8)- 1072 8201(14)- 1072 1.31573
- o tTWES 2400(4) 107 3.714(8) - 107¢ 1.54747 241(1)- 1070 3.695(9)  10~* 1.5332
=ty 0.383(5) 0.416(2) 108618 .382(3) 0.420(3) 1.09952
- ot Z 0.2212(3) 0.2364(6) 1.06873 0.220(1) 0.240(2) 109094
- tivH 9.75(1)- 1072 9.42(3}- I( 0.96614 9.748(6) - 1072 9.58(7) - 1072 0.98277
= g 3788(4)-10-2  4.00(1) - 10-2 105597 3.756(4) - 10-2  4,005(2) 102 10663
- S dWEWS 0.1372(3) 0.1540(6) 1.1225 0.1370(4) 0.1538(4) 1.19257
- S HHH 1.358(1)- 1072 1.206(3) - 102 0.888 1.367(1)- 1072 1.218(1) - 1072 0.8009
ete- »HHHZ 3.600(6)-10-2  3.58(1) - 102 0.99445 3.506(1)-10-2 3.581(2) 102 0.9958
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Validation: 1-Loop QCD

[= Analogous: LHC processes|

> depends on jet algorithm, detailed cut definitions, scale/scheme, etc.
» Openloops virtual (and real-correction) matrix elements

» Long running time, MPI parallelization essential for practical
applications
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NLO Event Samples

ete = WHOW b, Njpn 2 2

02 -
i LO

NLO
W't

32 [,/ GaV

140 160 180 20y 20
m V]

» Fixed-order NLO event samples for distributions are available

» Fully showered events: (Powheg-type) matching required
= not yet automated: flavour assignment (light jets)
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More on NLO

NLO electroweak corrections: W.I.P.

Dedicated treatment: Off-shell tt and ttH thresholds with higher-order
resummation (thr) and NLO QCD (continuum) and smooth
interpolation/matching [re-validated)]

Matched inclusive W*bW ~b cross section, with QED ISR

- matched, no switch-off
maiched, combined, symmetrized

1000 [

750

o [fb]

500

250

330 340 350 360 3t0 380

V5 [GeV]
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Status BSM via UFO / FeynRules

model = SM  (ufo) UFO file is assumed to be in working directory OR

model = SM  {ufo (“<my UFO path>")) UFO file is in user-specified directory

WHIZARD 2.5.1

Reading model file '/Users/reuter/local/share/whizard/models

Preloaded model: SM
Process library ‘default_lib': initialized
Preloaded library: default_lib

Reading model file '/Use uter/local/share/whizard/models/SH_hadrons.mdl’
Reading commands from file 'ufo_2.sin’

Model: Generating model "SM' from UFD sources

Model: Searching for UFO sources in werking directory
Model: Found UFD sources for model 'SM'

Model: Model file 'SM.ufo.mdl' generated

Reading model file 'SM.ufo.mdl’

| Switching to model 'SM' (generated from UFO source)

All the setup works the same as for intrinsic models

All common features supported, example: SMEFT

last Majorana fixes due for v.3.0.0
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API

WHIZARD is designed as a stand-alone program
= offline event sample analysis: via external files

NEW calling mode:
WHIZARD as a module/subroutine library, callable from other programs

Single event generation -+ online analysis by host program
Event transfer: LCIO or HepMC

Supported: Fortran, C, C++, Python3

W. Kilian (U Siegen) WHIZARD 2020 CLICdp Workshop, 02.10.2020 12/16



API: C++ snippet

W. Kilian (U Siegen)

#include "whizard.h"

int main( int argc, char* argv[] )

{

// WHIZARD and event-sample objects
Whizard* whizard;
WhizardSample* sample;

// Initialize WHIZARD, setting some global option
whizard = new Whizard();

whizard->option{ "model", "QED" );
whizard->init{);

// Define a process, set some variables
whizard->command( "process mupair = ei, E1 => e2, E2" );
whizard->set_double( "sqres", 10. );

whizard->set_int( "seed", 0 );

// Create an event-sample object and generate events
sample = whizard->new_sample( "mupair" );
sample->open( kit_begin, &it_end );

for (it=it_begin; it<=it_end; it++) {
sample->next_event();

sqme = sample->get_sqme();
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Performance / Improvements

» Default mode: serial, optimal matrix elements (O'Mega),
multi-channel adaptive integration (VAMP)

» Local parallelization: OpenMP (e.g., parallel over helicities)

» Cluster parallelization: MPI (integration channels), asynchronous
communication

> Loadleveler for re-allocating integration channels
» Runtime elimination of unused vertices (UFO models / SMEFT)
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Outlook

» NLO events
» EW NLO
» ISR photon shower / matching

» Convenience (user input)
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Contact

whizard.hepforge.org
Tagged release versions (current: 2.8.5)

Nightly builds, beam spectrum repo, etc.
Online manual

gitlab.tp.nt.uni-siegen.de/whizard/public
Latest commit in master branch that passes all tests
gitlab/Cl for extensive automated testing and deployment
launchpad.net/whizard
Public forum for user questions and bug reports
FAQ and WIKI pages
whizard@desy.de
Old-school e-mail list for users and WHIZARD team
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